In this paper, we estimate the link between remittances and key macroeconomic variables of the host country (Russia) and the world's most remittance-dependent economies of Tajikistan and the Kyrgyz Republic. We mostly focus on the relationship during the ongoing Russian financial crisis. In particular, we estimate the responses of remittances to a shock in the exchange rate and per capita income in Russia and those of the key macroeconomic fundamentals of Tajikistan and the Kyrgyz Republic to a shock in remittance inflows. The empirical findings show that remittances serve as a channel to transfer the negative effects of the global and the Russian financial crises from the Russian macroeconomic fundamentals to the macroeconomic indicators of Tajikistan and the Kyrgyz Republic.
INTRODUCTION
In 2015, remittance flows to developing countries were estimated to be USD 401 billion. About 25 developing countries had remittance inflows equivalent to more than 10% of their economy. Tajikistan and the Kyrgyz Republic, two neighbouring countries of Central Asia, were the most remittance-dependent economies measured by remittance inflows as a share of the gross domestic product (GDP). Remittance inflows were equal to 42% of the GDP in Tajikistan and 30% of the GDP in the Kyrgyz Republic (World Bank, 2015) .
The annual number of remittances to Tajikistan and the Kyrgyz Republic were equal to 20.2% ̶ 49.6% and 12.7% ̶ 31.1% of the GDP, respectively, for the period of [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] (Figure 1) . Tajikistan is the world's top remittance-dependent economy since 2007. The Kyrgyz Republic ranks second since 2011. In 2014, remittance inflows were equal to 374.1% of exports in Tajikistan and 80.4% of exports in the Kyrgyz Republic. This considerable inflow of remittances could roughly affect important economic variables.
The comparison of data on remittance flows from Russia to other countries of the Commonwealth of Independent States (CIS) indicates that Russia is the origin of a significant share of remittance flows to Tajikistan and the Kyrgyz Republic. In the last two years, the remittance flows to Tajikistan and the Kyrgyz Republic reported by the World Bank were almost equal to the remittance flows from Russia as reported by the Central Bank of Russia. The Russian financial crisis, particularly the devaluation of rouble and the slowdown of the Russian economy, has caused a sharp decline in the real values of remittances.
In consideration of the high sensitivity of remittances to the exchange rate and per capita income in the host country and the firm link between remittances and the key macroeconomic fundamentals of remittance-dependent economies (especially the exchange rates), in this paper we estimates the relationship between remittances and macroeconomic variables of the host country (Russia) and the remittance-dependent economies of Tajikistan and the Kyrgyz Republic. We focus on the changes in the relationship during the Russian financial crisis, which has caused the nominal value of annual flow of remittances from Russia to Tajikistan and the Kyrgyz Republic to decrease by 42.4% and 32.3%, respectively (Central Bank of Russia, 2016) . In particular, we estimate the responses of remittances to a shock in the exchange rate and per capita income in Russia and the responses of the key macroeconomic fundamentals of Tajikistan and the Kyrgyz Republic to a shock in remittance inflows. Considering the possible existence of information linkage, we also calculate the causality relationship among foreign exchange markets of Russia, Tajikistan and the Kyrgyz Republic for the Russian crisis period.
The microeconomic issues of migration and remittances in Tajikistan and the Kyrgyz Republic have been widely addressed because of the data collected by surveys of various national and international institutions. However, the shortage of time series and appropriate data is a great barrier to the emergence of worthy academic papers that deal with the issues of the relationship between remittances and macroeconomic fundamentals.
In recent years, a few academic papers have assessed the macroeconomic issues of remittance flow to Tajikistan and the Kyrgyz Republic. Atabaev et al. (2014) examined the effects of remittance inflows on the economic growth of the Kyrgyz Republic using the vector autoregression approach (VAR) and monthly data for [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . The research found a positive effect of remittance inflows on output and import. Qurbanalieva (2013) investigated the core factors affecting the price level in Tajikistan in the period of 2005-2012 using autoregressive distributed lags and the Johansen-Juselius co-integration models. The study shows that the GDP gap, remittance inflows and real wages significantly affect the price level in the long run.
Defining the macroeconomic determinants of remittance flows from Russia to Tajikistan, Sultonov (2013) demonstrated that the changes in the income available for migrants and the possibility of migrants involvement in the labour market of the host country have a significant effect on remittances.
Exploiting a panel data set spanning 2007 to 2009, Danzer and Ivaschenko (2010) investigated the effect of the financial crisis on migration and remittance patterns of Tajikistan. The results show that the economic recession in Russia has affected Tajikistan through decreased remittances. This study highlights the role of remittances as a channel to transfer the negative effects of the global and the host country's economic and financial crises to the macroeconomic indicators of the remittancedependent economies. The next two chapters present the methodology and data used in estimating the impulse response functions (IRFs), causality-in-mean and causality-in-variance. Chapter four explains the empirical results, and chapter five concludes.
METHODOLOGY
In the beginning, we use the VAR for multivariate time series, in which each variable is a linear function of its own past lags and those of other variables. On the basis of Akaike information criterion (AIC), the Schwarz Bayesian information criterion (SBIC) and loglikelihood ratio our econometric model takes the form of models, we compute the IRFs to visually represent the impulse response of a variable of interest to a positive shock in other variables of the model.
Afterwards, we apply the cross-correlation function (CCF) approach developed by Cheung and Ng (1996) to examine the causality-in-mean and variance among foreign exchange markets. We use an autoregressive model and an exponential GARCH (EGARCH) model (Nelson, 1991) to compute the conditional mean and the conditional variance. The mean equation is
and the variance equation is
The values of k, p and q in Equations 2 and 3 are chosen on the basis of AIC, SBIC, log-likelihood ratio and Ljung-Box Q test. We use the standardised residuals and their squared values from Equations 2 and 3 in CCF to examine the causality-in-mean and the causality-in-variance. A generalised version of Cheung and Ng's (1996) chi-square test statistic suggested by Hong (2001) , with an asymptotic critical values of 1.645 at the 5% level and 2.326 at the 1% level, is used to test the hypothesis of no causality from lag 1 to a given lag of k in the cross-correlation coefficients 1 .
DATA
Two different subsets of data are used in the estimations. The first subset comprises seasonally adjusted quarterly data beginning from the second quarter of 2005 to the third quarter of 2015. Given the low volatility in exchange rates of Tajikistan and the Kyrgyz Republic, the logarithmic return series of the average weekly nominal exchange rates of the rouble, somoni and som for the period of July 1, 2014 to December 31, 2015 are included in the second subset. of Tajikistan and the National Statistical Committee of Kyrgyz Republic. Table 1 demonstrates the descriptive statistics of the quarterly series for the VAR models. The data are real data based on the last quarter of 2004. The mean values are close to zero. The standard deviations show higher volatility for remittances. The exchange rates are given as numbers of national currency per 1 US dollar and an increase in the exchange rate data means the exchange rate's depreciation. Table 2 shows the descriptive statistics of the logarithmic return series for the EGARCH models. The time period includes 79 observations. The mean values are close to zero and positive, that is, the depreciation of all three currencies against the US dollar. The rouble's depreciation rate is higher than that of the somoni and som. The standard deviations show higher volatility for rouble and som than for somoni. Skewness values show that the distribution is skewed on the right for som and somoni, thus demonstrating longer tails in higher returns. The skewness values for the rouble show that the distribution is skewed to the left. Kurtosis values are significantly higher than normal distribution. The Jarque-Bera test indicates that the null hypothesis of "normal distribution" is rejected at the 1% significance level. The standard Augmented DickeyFuller (ADF) test statistics Fuller 1979, 1981) rejects the null hypothesis of a unit root at the 1% significance level. Table 3 presents the results of the estimations for the VAR models with seasonally adjusted quarterly time series for the case of Tajikistan. The variables incorporated into the model are those used as the macroeconomic determinants of remittances by the literature (see Chami et al. 2008) . The variables are explained in the data section. D1 and D2 are dummy variables for the effects of the global financial crisis of 2008 and the Russian financial crisis, respectively.
EMPIRICAL FINDINGS
The estimated results indicate a positive and statistically significant effect of an increase in Russian GDP per capita as well as a negative and statistically significant effect of the crises on remittance inflows. The derived results show also a positive and statistically significant effect of exchange rate of rouble on exchange rate of somoni.
From the VAR models, we compute the IRFs to measure the response of remittances to a shock in their key macroeconomic determinants and the response of the important macroeconomic fundamentals of the economy of Tajikistan to a shock in remittance inflows. Figure 2 illustrates the impulse responses in the case of Tajikistan. Remittances negatively respond to a shock in the exchange rate of the rouble and the GDP per capita of Tajikistan but positively respond to a shock in the GDP per capita of Russia. The response of remittances to a shock in the exchange rate of the rouble is statistically significant. After one period it becomes positive, after two periods positive and statistically significant. The response becomes statistically insignificant after three periods. The response of remittances to a shock in the GDP per capita of Russia is also statistically significant. After one period, it becomes statistically insignificant, after two periods negative and statistically insignificant. The response of remittances to a shock in the GDP per capita of Tajikistan is statistically insignificant.
The response of the exchange rate of somoni to a shock in remittances is positive and statistically insignificant, but it becomes negative after one period and negative and statistically significant after two periods.
The response becomes statistically insignificant after three periods. The responses of price and GDP per capita of Tajikistan to a shock in remittances are negative and statistically insignificant; the responses become positive after one period. All responses expire after six or seven periods. Table 4 presents the results of the estimations of the VAR models with a quarterly series in the case of the Kyrgyz Republic. A statistically significant relationship is observed between dummy variables and remittance inflows. Similar to the case of Tajikistan, the global and Russian financial crises have caused remittance flows into Kyrgyz Republic to decrease. To assess the relationship between the variables more precisely, we apply IRFs.
The response of remittances to a shock to the exchange rate of the rouble is negative and statistically significant (Figure 3) . After one period, the response becomes positive and statistically insignificant. The response of remittances to a shock to the GDP per capita of Russia and the Kyrgyz Republic is positive and statistically significant. After one period, the response becomes statistically insignificant and negative.
The responses of the exchange rate of the som and the GDP per capita of the Kyrgyz Republic to a shock in remittances are positive and statistically significant. After one period, the response to the exchange rate shock, and after two periods the response to the GDP per capita shock becomes statistically insignificant. The response of prices to a similar shock is negative and statistically significant. The response becomes statistically insignificant after one period. All effects expire after six or seven periods.
Considering statistically significant relationship between remittances and exchange rates and the possible existence of information linkage among foreign exchange markets we examine the causality relationship between the rouble and the national currencies of Tajikistan (somoni) and the Kyrgyz Republic (som). Table 5 presents the results obtained from the estimation of the AR-EGARCH models for the crisis period. In the mean equation, the exchange rates of the rouble and somoni are defined by their previous period returns. The dummy variables for the structural breaks included in the mean and variance equations for the rouble and somoni improve the estimation results, but their effect on the return series of the dependent variables is statistically insignificant.
As identified by the variance equation, variations of somoni's exchange rate returns are defined by their past information and volatility. The variations in the exchange rate returns of the rouble are influenced significantly by its previous period's volatility. The Ljung-Box Q statistics for the null hypothesis states that no autocorrelation exists up to five orders for the standardised residuals and their squared values.
The standardised residuals and their squared values are used for the estimation of causality-in-mean and causality-in-variance based on the standardised version of Cheung and Ng's (1996) chi-square test statistic proposed by Hong (2001) . The derived results are presented in Table 6 .
Estimation statistics reveal causality-in-mean from the rouble to the som (at lags 1 to 4) and causality-invariance from the rouble to the somoni (at lags 2 and 3) and som (at lags 4 and 5) for the financial crisis period. This finding indicates that the exchange rate returns of the som are significantly influenced by the exchange rate returns of the rouble, and the variations of the exchange rate returns of the som and somoni are significantly influenced by the variations of the rouble's exchange rate returns during the Russian financial crisis. Test statistics for the causality-in-mean and variance from the somoni and som indicate no causality from the somoni to the rouble and som, and causality-in-mean and variance from the som to somoni.
CONCLUSION
In this paper, we examined the relationship between remittances and a number of macroeconomic fundamentals of the host country (Russia) and the remittance-dependent economies of Tajikistan and the Kyrgyz Republic. We focused on the changes in the relationships during the ongoing Russian financial crisis. The empirical findings demonstrated the high dependency of Tajikistan and Kyrgyz Republic on the Russian economy through remittance flows.
The IRFs computed from the VAR models show that remittances serve as a channel to transfer the negative effects of the global and the Russian financial crises from the Russian macroeconomic fundamentals to the macroeconomic indicators of Tajikistan and the Kyrgyz Republic. In particular, the global and the Russian financial crises devaluating the rouble and decreasing the per capita income of the host country have decreased the flow of remittances. The macroeconomic fundamentals of Tajikistan and the Kyrgyz Republic, especially the exchange rates, are very sensitive to a shock in remittances.
The CCF test results show that the devaluation of the rouble during the financial crisis has devaluated the som, and the variations in the exchange rates of the rouble significantly influenced the variations of the exchange rates of somoni and som. (5) is the Ljung-Box Q statistics for the null hypothesis, which states no autocorrelation exists up to five orders for standardised residuals. *, ** and *** indicate significance at the 10%, 5% and 1% levels, respectively.
The findings of this research complementing those of earlier studies, clearly demonstrate vulnerability of highly remittance-dependent economies of Tajikistan and the Kyrgyz Republic to the changes in global economy, host country's macroeconomic fundamentals and remittance inflows. These findings have significant implications for economic policy analysis and decision making in small and open economies dependent on labour migration and inflow of remittances. The ** and *** indicate significance at the 5% and 1% levels, respectively, based on the standardised version of Cheung and Ng's (1996) chi-square test statistic proposed by Hong (2001) .
